Background Recent studies have shown successful mid-
Introduction
HIV infection has been identified as a potential risk factor for hip osteonecrosis, which can lead to secondary arthritis. At least 33% of patients with HIV receiving THA are estimated to have osteonecrosis [11, 13, 17, 22] . Furthermore, patients with HIV have been found to have a higher risk for hip fracture [6] . Although many patients with HIV are candidates for surgery, the potential risk of multisystem postoperative complications and periprosthetic infections secondary to compromised immune function have been topics of debate [20, 21] .
Studies performed before the widespread use of highly active antiretroviral therapy found that complication rates in patients with HIV approached 50% [10, 15] . However, a recent study found that complication rates were a modest 13% among 55 patients with HIV undergoing total hip, knee, or shoulder arthroplasties at a minimum followup of 2 years (mean, 6 years; range, 2-14 years) [7] . Previous studies of periprosthetic infection after THA have observed higher infection rates in patients with HIV (4%-7%) compared with patients without HIV (1%-2%) [11, 12] . However, these data may be biased by the confounding effect of hemophilia among historical cohorts of patients with HIV [9] . Moreover, existing data on infection and other complications in patients with HIV have been limited by small sample sizes with low statistical power [2, 9, 11, 12, 14, 21] .
We therefore sought to use a large US database, the Nationwide Inpatient Sample (NIS), to address some of these controversies. We specifically assessed (1) the demographic trends of patients with HIV who underwent primary THA; (2) differences in the risk of major and minor perioperative complications among patients with and without HIV; and (3) the differences in mean length of hospital stay among patients with and without HIV.
Materials and Methods
The NIS contains a 20% representative sample of annual hospital admissions in the United States [19] . The NIS contains demographic and clinical variables for each admission, including International Classification of Diseases, 9 th Revision, Clinical Modification (ICD-9-CM) diagnostic and procedure codes. In addition, discharge weights, which are based on the size and location of the hospital where each admission occurred, allow researchers to calculate nationwide estimates of patient discharges. The NIS is publicly available to researchers and contains deidentified data. Therefore, our institutional review boards determined that this study did not meet human subject research criteria.
Our study population included all patients between 1998 and 2010 who had a THA as their primary ICD-9 procedure code (81.51, 00.74, 00.75, 00.76, 00.77). We excluded patients with diagnosis codes indicating pathological fracture, malunion of fracture, traumatic femoral neck fracture, and long-term mechanical loosening associated with revisions, as has been done previously [11] , because these admissions predominantly are nonelective. After exclusions, our study population of THA admissions consisted of 9275 patients with HIV and 2,656,696 patients without HIV.
We extracted data for each admission concerning length of stay, which was log-transformed in regression analyses as a result of its right skew. Perioperative complications were calculated using diagnosis codes as defined by a recent study of orthopaedic-related complications [11] . We defined a major complication as death, myocardial infarction, tachycardia, pulmonary embolism, pneumonia, acute renal failure, or stroke, and we defined a minor complication as wound hemorrhage, wound complication, deep vein thrombosis, wound infection, implant infection, irrigation and débridement, postoperative dislocation, sepsis, or urinary tract infection [16] . We used diagnosis codes to identify patients who had HIV (042, 795.71, V08) and designated all other THA admissions as not having HIV. We also used diagnosis codes to identify patients with osteonecrosis (733.4, 733.40, 733.42, 733.43, 733.49). For each admission, we extracted data on demographic variables including age (in years), sex, race categorization (white, black, Hispanic, other), and insurance (Medicare, Medicaid, private, other). We calculated the severity of comorbidities from diagnosis codes using Charlson and Deyo's method [3] , excluding HIV/AIDS from the patient's total score, and distributed patients into score categories of 0, 1, and C 2. We used logistic regression to calculate the odds ratios (ORs) of perioperative complications (any, major, or minor) during the hospital stay for patients with diagnosis codes for HIV infection as compared with patients who did not have diagnosis codes for HIV infection. We also used linear regression to calculate parameter estimates for mean length of stay. We interpreted the results of our linear regression as percent differences using the formula 100*(e b À 1), where b is the regression coefficient of a log-transformed outcome variable [5] . All of our regression models were adjusted for age, sex, race, insurance, and the Charlson and Deyo comorbidity score. Admissions with missing age (N = 3287), sex (N = 8786), race (N = 678,604), and insurance (N = 4569) could not be included in multivariable regression models. To rule out the possibility that the exclusion of this subset of admissions with missing race data biased our results, we also performed a sensitivity analysis on our data, in which we removed race from our regression model, thereby including all patients with missing race. We also used regression models with HIV (no, yes) as the outcome variable and age, sex, race, insurance, comorbidities, and osteonecrosis as independent predictor variables to assess the effect size of each demographic variable. We used weighting variables in all our analyses to simulate national US rates of THA admission.
All statistical analyses were performed using SAS Version 9.3 (SAS Institute Inc, Cary, NC, USA). All p values were two-tailed, and p \ 0.05 was interpreted as being statistically significant. All figures were generated using Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA). ; p = 0.004) compared with patients without HIV. The number of complicated admissions occurring annually stayed constant for patients with (mean, 2.01; r = 0.43, p = 0.144) and without (mean, 0.59; r = 0.48, p = 0.094) HIV (Fig. 1 ). In addition, the risk of any complication for patients with HIV from 1998 to 2003 (OR, 1.55; 95% CI, 1.05-2.29; p = 0.027) was not different from the risk from 2004 to 2010 (OR, 1.53; 95% CI, 1.22-1.91; p \ 0.001). In our sensitivity analysis, the risk of any complication (OR, 1.58; 95% CI, 1.32-1.88; p \ 0.001) was very similar to our full multivariable model, suggesting that the exclusion of patients with missing race did not bias our results.
Results

Patients
There was a longer mean length of stay among patients with HIV. The mean length of stay was 4.31 days (95% CI, 4.16-4.46) for patients with HIV and 3.83 days (95% CI, 3.82-3.84) for patients without HIV. Patients with HIV had a multivariate-adjusted mean length of stay that was 9% (95% CI, 6.70-11.44; p \ 0.001) longer compared with patients without HIV ( Table 2) . We observed a negative linear trend in length of stay for both patients with (b = À0.12, p \ 0.001) and without (b = À0.10, p \ 0.001) HIV who were admitted for THA between 1998 and 2010 (Fig. 2) .
Discussion
This study was designed to address the paucity of data on demographic trends, early complications, and length of stay after admission for THA among patients who had an HIV infection using a large US inpatient database.
We found that after adjusting for important confounders including age, sex, race, insurance, and comorbidities, patients with HIV were at an increased risk for both major and minor perioperative complications compared with patients without HIV. Furthermore, patients with HIV had a longer mean length of stay.
There were several limitations of the present study. First, NIS data are restricted to diagnoses recorded during each patient's hospital stay and provide no information on long-term outcomes such as readmission and arthroplasty revision. Furthermore, minor complications, including infections and implant dislocations, are more likely to appear during followup than during admission and could not be assessed using this inpatient database. Second, ICD-9 coding for diagnoses and procedures limits our ability to account for differences in implant type, severity of joint degeneration, and reason for surgery. Third, it is unlikely that all patients with HIV who underwent THA were correctly identified, which may be secondary to medical record coding procedures for comorbid diagnoses, undiagnosed HIV infection, or presumed negative status by medical personnel. Because we do not know any of the characteristics of these misclassified patients, it is impossible to predict the potential effect of their misclassification on our outcomes. Fourth, patients with HIV who are undergoing an elective surgery such as THA may be healthier than the average person with HIV. Our data, therefore, should be interpreted within the context of patients who are fit to undergo elective surgery. Fifth, our multivariable models excluded over 600,000 patients with missing race data, which may have biased our results. However, in our sensitivity analysis, there was no material difference in the risk of observed risk of complications in a model that included all patients with missing race as compared with the model that excluded these patients. Therefore, our data do not appear to be subject to this missing data bias. Lastly, one must note that our study is observational and we cannot rule out the effect of residual confounding our results. Demographic data of patients with HIV undergoing THA have been described previously in small studies. Mean age has ranged from 45 to 50 years with the proportion of male patients ranging from 58% to 71% [2, 9, 12, 18] . Our study was consistent with these previous studies, observing an average age of 47 years with 83% of admissions being male. Furthermore, we were able to describe the racial (54% white, 32% black, 10% Hispanic, 4% other) and insurance (43% Medicare, 19% Medicaid, 34% private, 4% other) demographics of this population among a patient sample of more than 9000 patients with HIV undergoing THA.
Several recent studies have found that patients with HIV undergoing THA have a higher risk of developing perioperative complications [13, 18] . Although the etiology of this relationship is unclear, metabolic, cardiovascular, and pulmonary comorbidities as well as the possible side effects of antiretroviral medications have been proposed as potential risk factors [1, 4, 8] . Two small studies assessing postoperative complications among admitted patients with HIV found an incidence of 12% among 41 THAs [18] and 13% among 55 lower extremity total joint arthroplasties [7] . Our data support these smaller existing studies and demonstrate that although patients with HIV have a higher risk of both major and minor complications during admission compared with patients without HIV, the chances of a complication occurring are still relatively modest. Our findings, however, differ from a similar HIV-focused study by Lin et al. [12] , which found that HIV infection was not an independent risk factor for complications after primary THA. This discrepancy may be the result of the fact that our regression models controlled for the confounding effects of age, sex, race, insurance, and comorbidities. The relationship between THA and length of hospital stay in patients with HIV has not been evaluated in prior studies, to our knowledge. We observed that patients with HIV had a mean hospital stay that was 13% longer, but some caution should be used in interpreting these data. It is unclear whether this increased length of stay is secondary to (1) additional precautions and/or complications precipitated by the presence of HIV infection; (2) concomitant medical comorbidities that were present at a higher rate among patients with HIV; (3) some other unknown factor; or (4) a clinically insignificant difference.
In conclusion, we observed that patients with HIV were at higher risk of perioperative complications after primary THA and also had a longer hospital stay, although these increases were relatively modest. Orthopaedic surgeons should be aware of the potential for longer and more complicated hospital stays after THA in this patient population. Furthermore, surgical candidates with HIV should be informed that despite advancements in the medical management of their disease, they indeed appear to have a higher risk of complications compared with patients without HIV. However, this modest increase in risk does not cause us to recommend against THA for patients with HIV who otherwise meet reasonable surgical indications.
